Objective: To evaluate a simple method that uses only a heart rate monitor to predict total energy expenditure (TEE) and physical activity level (PAL) from 24 h heart rate (HR) measurements. Design: The simple method involved the determination of the physical activity ratio (PAR) from corresponding heart rate ratios (HRR) (ratio of observed to resting HR), from an individualized calibration curve relating activities with known PAR to the HRR. Several curve fits were evaluated for this curve. The PAL was calculated from minute to minute PAR. The TEE was computed as the product of the PAL and the predicted basal metabolic rate (BMR). The accuracy of the simple method was assessed by within-subject comparisons of the simple method versus the oxygen consumption -HR method and a time and motion study. Setting: Bangalore City, India. Subjects: In all, 17 healthy male subjects between 18 and 44 years were recruited for the study. Interventions: None. Results: The simple method correlated well with both the reference methods when using a calibration curve that involved the fitting of two straight lines at low and high PAR activities, respectively, to the PAR and HRR data. The mean error in TEE, as a product of BMR and PAL, was about 1%, but with limits of agreement between the methods that were about 20% of the TEE. However, the low mean error could have been due to a canceling of errors in the determination of BMR and PAL. Conclusions: The simple method is a relatively cheap, useful technique for evaluating TEE and PAL in resource-poor situations. It may particularly be of use in epidemiological investigations where population estimates of TEE and PAL are required.
Introduction
The total daily energy expenditure (TEE) is the product of the basal metabolic rate (BMR) and the physical activity level (PAL). The determination of the TEE has brought a measure of objectivity to the determination of the energy needs of groups of individuals, particularly since energy expenditure was adopted as the method of quantifying energy requirements, rather than energy intake (FAO/WHO/ UNU, 1985 UNU, , 2004 . There are also pressing reasons to measure the PAL, because of the epidemic of diabetes and cardiovascular disease that is sweeping through developing countries, linked to economic, nutritional and behavioral transition (WHO, 1998) . The influence of low physical activity in the pathogenesis of these chronic diseases is undisputed (Paffenbarger et al, 1993; Lakka et al, 1994; Lee et al, 1995) . However, the vast majority of data describe risk of chronic disease in terms of the quantum of discretionary exercise. This measure of physical activity may be inappropriate in societies where leisure time discretionary exercise is low, but where physical activity is generally high because of the absence of labor-saving devices at work or in the home. In such situations, it is conceivable that a more composite index of physical activity such as PAL is related to the risk of chronic disease, although this still needs to be determined. It has proven difficult to characterize PAL because of the difficulty in capturing relatively accurate measurements of the PAL and its determinants. There is therefore a need for a method that can provide objective measurements of daily activity such as PAL, such that populations can be grouped into low-, medium-or high-activity levels.
Several methods are available to determine the total daily energy expenditure (TEE), and these include measurements such as whole body indirect calorimetry (Shetty et al, 1987) , which although accurate, has the disadvantage of confining the subject in an artificial environment, or free-living methods such as the doubly labeled water method that provides for accurate measurement of TEE over fairly long periods of time (Schoeller and Van Santen, 1982; Ritz and Coward, 1995) , but is expensive precluding its use in large sets of subjects. Therefore, methods that measure the TEE from a surrogate measure, such as by predicting whole body oxygen consumption from measurements of the heart rate (HR), have also been developed (Spurr et al, 1988; Ceesay et al, 1989) . This method offers the possibility of measuring the TEE effectively and quite cheaply; however, since the relationship between HR and energy expenditure needs to be defined in each subject, this method requires the use of indirect calorimetry, which can be difficult and expensive in resource-poor locations.
Predictive methods that calculate the TEE as the product of the BMR and the PAL have also been used. The BMR is easily predicted from the body weight (FAO/WHO/UNU, 2004); however, the field measurement of PAL is usually through methods such as questionnaires or recall by the subject. These methods seek to define activity patterns during the day; the PAL can be calculated by assigning physical activity ratios (PAR) to these activities. However, this is subjective, and prone to errors, usually of omission.
In this paper, we explore the possibility of simplifying the HR technique, such that there is no need for the use of indirect calorimetry, allowing for its use in resource-poor locations, while simultaneously providing measures of TEE and PAL. This is possible since we simply characterized the relationship between the HR and selected activities of varying intensity for which the PAR is known, and used this relationship to measure an integrated PAL from the 24 h HR recording. We validated this method of measuring TEE against the more conventional HR -indirect calorimetry method, as well as against estimates of TEE from time and motion studies.
Materials and methods

Subjects
In all, 17 young healthy adult male subjects with BMI between 15.9 and 24.4 kg/m 2 (mean BMI 20.472.6 kg/m 2 ) were recruited by word of mouth from the students and staff of St John's Medical College. Subjects who had a history of medical or metabolic disorders and who were on regular medical treatment were excluded from the study. Their mean age was 25.577.6 years, and mean weight was 56.976.8 kg.
In total, 17 subjects were recruited for the study, but of them, two did not complete the study because the sensor slipped during the measurement; hence, only 15 individuals were included in the analyses of the study. Written consent was obtained from each of the subjects and the study was approved by the Institutional Ethical Review Board.
Experimental protocol (simple method) The experimental protocol followed for the measurement of TEE, termed 'simple method', developed in the present study was as follows: the subjects stayed overnight in the laboratory, and were assessed in the woken, fasted state. The HR monitor (Polar S720i, Finland) was attached to the subject, and they were instructed to lie quietly in bed for 30 min so that a steady state could be defined. The subjects then undertook 5-6 min each of a set of tasks, which included lying down at rest, sitting quietly, walking at 2.4 and 4.8 km/h on a treadmill and spot jogging at a rate of 120 steps/min, using a metronome. The walking tasks could also be carried out without a treadmill, using the metronome to provide cues for the walking rate. The subjects carried on with their normal lives (i.e. activities in their normal work day) during the measurement period and stayed at the metabolic laboratory during the night. On the day of the HR recording, the subjects were followed by an observer during the waking hours, and their activities recorded for 5 min blocks. In most subjects, the recording electrode slipped from its position at night, necessitating its refixing in the morning when the subject was gently woken up. This also necessitated the use of the measured mean resting HR obtained during the calibration of HR with PAR during the entire sleep period (approximately 8 h). Thus, a complete 24 h data set of HR was available for each subject. When the data were downloaded from the HR monitor onto a computer, the mean HR for the resting fasted state and for each of the tasks was calculated. The ratio between the HR recorded for each task and the resting HR was calculated. This gave a value (heart rate ratio, HRR), which was 1 for the resting state, and some multiple thereof for the tasks. Known PAR values for each task were taken from literature (Ainsworth et al, 2000) , except for the value of sitting (FAO/WHO/UNU, 1985 ; the values thus used were 1 for resting, 1.2 for sitting quietly, 2.0 for walking at 2.4 km/h, 3.3 for walking at 4.8 km/h and 8 for spot jogging at 120 steps/min. The value of 1.2 for sitting was chosen from the FAO/WHO/UNU (2004) report, because this was similar to the value that was experimentally obtained for sitting (described below); the value of 1.0 for sitting, derived from Ainsworth et al (2000) , was no different from the value used for sleeping, and could contribute to a large error, particularly in measurements on subject who spent a large portion of their day in this activity. The relationship between the PAR values and the recorded HRR values was then investigated by simple linear regression, or by more complex exponential, quadratic or polynomial equations. On visual examination, the HRR-PAR relationship appeared to distinctly have a lower slope in the earlier part and a higher slope in the later part, with the slope seeming to change at the slow walk (2.4 km/h) activity point, by visual inspection (Figure 1 ). Therefore, we also used the simple expedient of performing a linear regression for the lower three activities (lying down, sitting and slow walking) separately from the higher activities (slow walking, faster walking and jogging). This method was called the '2-slope method'. The HRR at the slow walk task was common to both the slopes, and served as a 'breakpoint' in the relationship between HRR and PAR. This also served to simplify the curve-fitting process somewhat, as only simple linear regressions were required for this procedure, and more importantly, allowed for more realistic determinations of PAR at low (resting) HRR values.
The HR data set for the entire 24 h was then inspected, and HRR ratios calculated for every minute of the day. Since the sensor slipped off during the night in most subjects, we used the measured resting HR (as described earlier) for all time points that the subject said they were sleeping, such that the HRR during sleep was 1.0. Using the equations generated from the curve fitting, PAR values were calculated for each minute during the day and waking hours of the night, such that the mean PAR over 24 h gave the PAL value. Therefore, different values for PAL were obtained depending on the curve used to predict PAR. For the 2-slope method, we used the lower slope equation for all measured HRR values that were lower than that recorded during slow walking, and the higher slope equation for HRR values that were higher than that recorded during slow walking. All the PAL values obtained (i.e. by using different curve-fitting methods) were used in the validation part of this study, in order to determine the most appropriate way of computation in the simple method. In order to arrive at a value for TEE, the subjects' PAL was multiplied by the BMR, which was predicted from age-and weight-specific prediction equations (FAO/WHO/UNU, 1985 .
Validation of the simple method
Two validation methods were used, employing the HRoxygen consumption (HR-VO 2 ) method (method A) or the time and motion method (method B) as the reference. In Validation A, the TEE of 15 subjects measured by the simple method was compared with the TEE that was measured by the HR-VO 2 method (Spurr et al, 1988; Ceesay et al, 1989) . In this, the mean HR recorded during each of the tasks described above was linearly related to the oxygen consumed per minute (VO 2 ) during that task. Oxygen consumption was measured using a mouthpiece attached to a metabolic cart (VMax 29 series, Sensor Medics, USA), in which the oxygen consumption is recorded in a breath-by-breath mode. The analyzers were calibrated using previously calibrated standard gases (16% O 2 , 4% CO 2 , Praxair India Pvt Ltd, Bangalore, India; and 26% O 2 , 0% CO 2 , Bhoruka Gas Ltd, Bangalore, India) and whole system calibration was verified by performing pure ethanol burns.
The mean values of oxygen consumption over the time period of each task were used in the determination of the linear relationship between the VO 2 and HR, which was in turn used to predict the VO 2 from the HR for each minute during the day. During sleep, the mean basal VO 2 measured in the overnight fasted, rested state (BMR) during the calibration of VO 2 and HR was used. The sum of all VO 2 measurements in conjunction with an assumed RQ of 0.9 (based on our earlier studies in which we have shown that the fasted RQ is in the region of 0.9, Kurpad et al, 1989a, b) gave the TEE, using the Weir equation (Weir, 1949) . Since it is possible that there is a breakpoint in the relationship between HR and VO 2 , it has been suggested that a critical HR be identified, called the FHFLEX, below which the resting metabolic rate (RMR) is used to represent the metabolic rate (Spurr et al, 1988) . In that study, which compared estimates of TEE from the VO 2 -HR method with those from whole body calorimetry, the closest estimates of TEE were obtained when an arbitrary value of FHFLEX þ 10 beats/min was used as the breakpoint in the relationship between HR and VO 2 . All recorded HRs below the breakpoint were assigned a metabolic rate that was equivalent to the measured VO 2 at rest, while all HRs above the breakpoint were used in an equation relating HR to VO 2 for activities equal to and above slow walk, obtained by calibrating these two variables for each individual. Heart rate derived TEE and PAL AV Kurpad et al
The simple method depends first on the assumption that the assumed PAR values for each task were representative, and second, that the HRR did not vary a great deal within individuals. Therefore, a further part of Validation A included the comparison of the measured PAR for each task with those from the literature (FAO/WHO/ UNU, 1985 UNU, , 2004 Ainsworth et al, 2000) . The simple method was used to calculate the PAL using observed PAR values for each task in order to assess the magnitude of error associated with the use of assumed PAR values. Another assumption of the simple method is that the measurement of HRR is not very variable within subjects. Therefore, in a final part of Validation A, the measurement of HRR at the different tasks was measured over three successive days in a group of six subjects, to obtain the within-and between-subject variability of the measured HRR and to determine what influence this might have on the PAL and TEE calculated by the simple method.
An additional Validation B was also carried out to compare the simple method against PAL estimated by careful time and motion studies in six subjects. The subjects were followed by an observer during the waking hours, and their activities recorded for every 5 min block of time. In a period of 24 h, the total number of minutes spent in a particular activity was multiplied by the PAR for that activity, according to values in the literature as stated above. The average PAR for 1440 min in a day was thus determined as the PAL, which in turn gave the TEE when multiplied by the predicted BMR (FAO/WHO/ UNU, 1985 UNU, , 2004 . These TEE values were used as the reference for comparisons with the TEE which was determined by the simple method. Importantly in this validation, the walking tasks to determine the HRR-PAR relationship was performed without a treadmill, so that the entire experiment could be duplicated in any resource-poor setting. Effectively, this means that the simple method could be employed only with an HR monitor and a metronome.
Statistics
The results are expressed as mean71 s.d., except where designated as otherwise. The simple method of measuring TEE was compared against the HR-VO 2 method as well as the time and motion method, using analysis of differences (Bland and Altman, 1995) . Estimates of TEE obtained by the simple method were subtracted from the same estimates obtained from the validating methods, and the mean and72 s.d. of these differences were calculated. A positive difference indicated that the simple method estimates were less than those obtained by the other methods. The differences were also regressed against the mean of the estimates being compared, in order to evaluate if the difference increased with the magnitude of the measurement. Significant differences in TEE between methods were assessed by ANOVA for repeated measures, and differences between measured and literature values of PAR were assessed by the paired t-test. TEE measures from each method were also regressed against the TEE from the reference method using Pearson's product-moment correlation coefficient. Results were considered significant if Po0.05.
Results
The range of measured TEE using the HR-VO 2 method was between 7.0 and 15.5 MJ/day, with a mean value of 10.072.4 MJ/day. The lowest TEE was recorded in a subject who chose to spend the entire day sitting or lying down, while the highest TEE was recorded in a subject who was very active, and spent most of that day walking on errands. Table 1 shows the results of the validation in which TEE measured by the simple method using different PAR-HRR response equations, was compared with TEE measured by the VO 2 -HR method, using the FHFLEX þ 10 method (Spurr et al, 1988) . The mean FHFLEX þ 10 HR was 9078 beats/min. In all subjects, the correlation of HR with VO 2 at the three activity tasks gave 'r' values of greater than 0.95. The lowest mean and s.d. of the difference in TEE between the simple method and the reference method was observed for the 2-slope method used for converting HRR into PAL and TEE values (À0.1171.01 MJ/day, see Figure 2 , panel a). The next best was the polynomial fit, which had a very low mean difference in TEE, but the s.d. of the difference was almost double that obtained by the 2-slope method. This means that, in the polynomial method, the limits of agreement (72 s.d.) would be unacceptably high at almost 30% of the TEE, even though there was no significant relationship between the difference in TEE and their average (reference method and polynomial method). However, for the 2-slope method, the difference between the methods correlated positively with the magnitude of the average TEE determined by the methods (r ¼ 0.7, Po0.01, slope ¼ 0.3, intercept ¼ À3.4); this means that the simple method would underestimate the TEE at low TEE and vice versa. An inspection of the plot of the differences in TEE against the magnitude of TEE showed that this relationship was positive primarily because of one outlier, in which the difference was large. When this outlier was removed, the relationship was no longer significant (r ¼ 0.4, P ¼ 0.15). The quadratic and linear method gave the next best differences (0.3271.64 and 0.4771.03 respectively), and the difference between methods did not correlate with the magnitude of the TEE.
For the linear, exponential and quadratic methods, the relationship of difference between methods and the magnitude of the average measured TEE was not significant. In terms of the lowest s.d. of differences, the 2-slope and single linear equation method were the best, with the limits of agreement being about 20% of the mean TEE in both cases. There were no significant differences between average TEE measured by the reference method or any of the simple methods. When the TEE measured by the reference method was regressed against the TEE measured by the simple method (but by different curve fits, Table 1 ), the best correlation was with the 2-slope method (r ¼ 0.93, Po0.001).
As part of Validation A, we assessed differences between the measured and assumed PAR values for each task. The difference between measured PAR values from this validation, in which oxygen consumption was measured, was also compared with PAR values taken from the literature (FAO/WHO/ UNU, 1985 UNU, , 2004 Ainsworth et al, 2000) . For sitting, the mean measured (n ¼ 15) and assumed values were identical at 1.2 (P ¼ 0.43, paired t-test), but there were differences for the other tasks. The assumed PAR values were in general lower than the mean measured values (Table 3) . Therefore, the measured PAR values were also used to predict the PAL from the HRR in the simple method, employing the 2-slope and polynomial curve fit, since these gave the best correlation with the reference method as described earlier.
The predicted PAL using measured PAR was 10.1 and 11.2% higher when using the 2-slope or polynomial curve fits, respectively, when compared to using assumed PAR values for the HRR-PAR calibration curve. The within-and betweensubject variability in the measured HRR is presented in Table 2 . The mean coefficient of variation (cv) for different tasks was less than 10% for all tasks; for each task this was 7, 7, 7 and 5% for sitting, walking at 2.4 and 5 km/h, and spot jogging, respectively. The results of Validation B showed similar findings to Validation A (Figure 2, panel b) , with the 2-slope method giving the lowest difference (0.1570.36 MJ/day) between the simple and reference method. The s.d. of the difference was also low, and this gave limits of agreement of about 0.72 MJ/ day, or about 7.5% of the mean TEE. None of the differences were significant, although this could have been a reflection of the power of the study to measure significant differences.
With the importance of physical activity, and the duration spent in this domain in the pathogenesis of diabetes and cardiovascular disease, it becomes worthwhile to assess the time spent in physical activity with an exertion above slow walking or moderate speed walking. In the present study, the measured HRR values were ranked as 0 or 1 depending on whether they were below or above the HRR measured during slow or moderate speed walking (2.4 or 5 km/h). The number of minutes in a day spent with an HRR of greater than 1 (i.e. in activities with an exertion equal to, or above, that experienced with walking) was then summed, such that an 'activity duration' could be measured. This would be expected to correlate well with the PAL estimated by the 'best' simple method (i.e. the 2-slope method). As expected, the variance in activity duration with slow and moderate walking could explain about 92 and 36% of the variance in PAL, respectively (Figure 3, panel a and b) . Interestingly, the intercept of the line describing the relation between activity duration and PAL for the slow walk activity was 1.28, which is the PAL that would be expected in individuals who spent their day sitting or in bed, with no walking or more intense activities (FAO/WHO/UNU, 1985) . For the moderate speed walk-type activity, the intercept was 1.43. From the equation for the line for slow walking-type activity, the duration of activity (equivalent to walking and above) required for a PAL of 1.6 would be 4.4 h/day, while it would be 7.1 h for a PAL of 1.8 and almost 10 h/day for a PAL of 2.0. Similarly, from the equation for the line for moderate speed walk-type activity, the duration of activity required for a PAL of 1.6 would be 1.8 h/day, while it would be 3.8 h for a PAL of 1.8 and almost 6 h/day for a PAL of 2.0.
Discussion
This study establishes a simple method to measure freeliving energy expenditure and physical activity in young healthy populations in resource poor settings. The use of the breakpoint concept in determining which slope to use in the converting the HRR into PAR values by the simple method proved to be the best in terms of the mean (systematic) and s.d. (random) error between the simple and the reference (HR-VO2) methods (percent error, 1710%). The error was similar but with a smaller scatter for comparisons with the time and motion study as a reference method; however, the time and motion study method is dependent on accurate descriptions of the activity that was being carried out in a particular time block, as well as an appropriate allocation of a PAR value for that activity; these could lead to significant error. The polynomial fit also gave a low mean TEE difference, but the s.d. of the difference was large; in addition, using these curves needs more computing power, and the aim of the simple method was, as the name suggests, simplicity in measurement and analysis. We preferred to use a separate equation to describe the relation between HRR and PAR at the lower part of the curve because we were also interested in measuring the PAL in individuals with low daily activity. Using a single PAR of 1 for HRR values below the break point would have resulted in low TEE and PAL estimates. Using a predictive equation afforded a more realistic measurement of PAL in low-activity individuals, although this was still not as precise as PAL estimates in high-activity individuals. This was borne out by the comparison between the 2-slope simple method and the reference method when individuals were grouped into those below and above a cutoff PAL value of 1.6; the percent error was 36% lower at higher PAL values when compared to the mean error at low PAL values, although there were no significant differences in the amount of error between the groups. This means that the simple method is best used in epidemiological settings rather than for precise estimations of the TEE in individuals. The use of the HR as a surrogate for physical activity is appealing, and only restricted by the need to calibrate each individual for the relationship between HR and PARs for selected activities. When using the simple method, it is also possible to use the HR directly when calibrating individuals against known PAR values for each designated task, removing the need to measure the HRR. A similar approach using the relationship between HR and metabolic equivalents (mets) has been used earlier with similar results (Lof et al, 2003) , although details of the relationship between HR and the mets were not described. Technically, the method is easy to use, although it is limited by the difficulty in getting accurate data during sleep, because the sensor slipped in most subjects, requiring an early morning interaction with the subjects to reposition the sensor; this may offer some logistical difficulty when longer-term measurements are planned. On the other hand, it is not unusual for studies using accelerometers to use a resting value during sleep with detachment of the accelerometer during this period (De Abajo et al, 2001) . During the waking state of about 16 h/day, on average, there was missing data for 2.5% of the time. The missing data were interpolated as the average of the HR for 5 min before and after the missing period and is unlikely to have made a major impact on the final results.
The preferred method of assessing energy requirements is through the measurement of the TEE (FAO/WHO/UNU, 2004), and this determination can be made as the product of the BMR and PAL. While the BMR can be predicted from equations based on gender, weight and age (WHO/FAO/ UNU, 2004), the PAL can be determined through the use of PAR values for different activities. This necessitates a determination of the time spent in different activities during the day, and while prone to reporting error in individuals, is useful for epidemiological studies. The PAL is also a useful construct for epidemiological studies on physical activity as a protective influence in the development of chronic disease. PALs (and hence, TEE) can be obtained by the use of questionnaires, in a cost-effective manner, and questionnaires are available, designed for use in resource-poor settings (Bharathi et al, 2000) , with reasonable repeatability and discriminatory power to classify people into different categories of activity. However, questionnaires have also been found to underestimate the PAL in comparison with estimates made by accurate methods such as a combination of isotopic methods and indirect calorimetry (Lof et al, 2003) . If indirect calorimetry is available at the site of measurement, then the VO 2 -HR method is the preferred epidemiological method, although a determination of the FLEX point in the relationship between HR and VO 2 still needs to be defined (Spurr et al, 1988; Ceesay et al, 1989) .
The good agreement between the simple method and the reference method may have been due to the cancellation of different errors. For example, the calibration of the HRR-PAR relationship was based on activities whose PAR was taken from the literature (Ainsworth et al, 2000; FAO/WHO/UNU, 2004) . The measured PAR values in the present study were significantly higher than the literature values for the walking activities at two speeds, but significantly lower for jogging, and similar to each other for sitting. The use of the measured PAR values gave PAL values that were 10% higher than that obtained when literature values were used. However, the PAL values were converted to TEE values as the product of the PAL and predicted BMR, by the use of FAO/WHO/UNU (2004) prediction equations. These prediction equations have been known to overestimate the BMR, and an analysis of several studies in tropical populations, on the difference between measured and predicted BMR has shown that the predicted BMR is generally higher, particularly in men (Ferro-Luzzi et al, 1997) , although in that study there was no difference between measured and predicted BMR's. The overestimation of BMR by prediction equations has also been found in other studies (Black, 2000; Lof et al, 2003) , and was borne out in the present study where the measured BMR was about 10% lower than that predicted from the WHO/FAO/ UNU (2004) equations. In the event of an error through the overestimation of the BMR, it is most likely that this error was cancelled out by the underestimation of the PAL by the use of literature values, therefore giving a good concordance in the mean values. Furthermore, the use of single values of PAR for any given activity in a heterogeneous group of individuals may also lead to error, because the PAR increases with increasing body weight (Haggarty et al, 1997) , although over a small range of body weights this may not give rise to significant error. We have found similar findings of an increasing PAR with increasing body weight in men and women over a body weight range of about 34-100 kg (n ¼ 60), for walking activities with and without loads and some domestic activities (R Kuriyan, unpublished data). In the range of body weights of the subjects in the present study (47-67 kg, n ¼ 15), there were no significant relationships of PAR with body weight, although the mean PAR was higher than the literature value by 0.8 and 0.6 for the walking activities, and lower by 0.5 for the spot jogging, while it was the same for the sitting activity. This magnitude of difference in the PAR's resulted in an error of 10% in the 24 h PAL value derived from the HRR-PAR relationship, and constitutes an important source of error in TEE determinations (Haggarty et al, 1997) . It is therefore critical to get accurate PAR values for standard activities, and some error in the estimate of PAL seems inevitable when assumed PAR's are used, emphasizing the primary utility of the simple method in epidemiological studies. However, from a viewpoint of ranking of subjects in different grades of daily activity, the simple method provides a dimension of objectivity to the measurement of PAL even when assumed PAR values are used.
The errors associated with the estimation of BMR and PAR are thought to be linked to body fatness (Racette et al, 1995; Lof et al, 2003) ; therefore, it might seem that the present study subjects with a low BMI, and therefore low fat should have had a low error in these estimations. We did not measure the body fat of our subjects; however, it is pertinent to point out that the accumulation of body fat in Indians is thought to occur even at low BMI's (Bhat et al, 2005) , and this has even led to the recommendation that the action point for increased morbidity in BMI be set at 23 kg/m 2 (WHO, 2004) . This implies that low BMI subjects may not necessarily be lean subjects, and that, at least in Indians, the errors associated with body fatness may apply equally to all subjects in the normal BMI range.
The long-term aim of the present experiment was to assess if there was a possibility of devising a surrogate measure of PAL for ranking individuals into different categories of physical activity, and the HRR seemed to be the most suited for this purpose as it would be independent of the basal HR. However, there was no significant correlation between the mean HRR over the entire day and PAL (r ¼ 0.4, P ¼ 0.1) in the present study, and this may be because of the unique relationship the HRR has with energy expenditure, and hence with the PAL for each subject, although the small numbers in the present study may also be a reason. A similar situation was found for the relationship between mean HR and PAL. Nevertheless, we have persisted with using the HRR, as it may give an index of the HR response to different activities in populations, in a manner that is similar to the PAR. It also allows for the derivation of one ratio (PAL) from another (HRR), and until sufficient normative data on the HRR are generated, it is preferable to retain the HRR as the primary outcome measure when monitoring HR with the intention of determining the PAL.
In conclusion, the present study describes a simple method for objective determinations of TEE and PAL in resource poor situations. Through the determination of times spent in different activity intensities, it also describes a way of prescribing activity patterns to ensure a PAL that reflects moderate or high daily activity. Further studies are required to determine the utility of this method in different population and age groups, both in terms of evaluating physical activity patterns and in predicting the risks associated with physical inactivity.
